DIGITAL AUTOMATIC FINE TUNING METHOD AND APPARATUS 

BACKGROUND OF THE INVENTION 

5 1 . Field of the Invention 

The present invention relates generally to a digital 
automatic fine tuning method and apparatus, which is capable 
of detecting a difference between a nominal frequency and an 
intermediate frequency generated in a tuner using a counter, 

10 

2. Description of the Prior Art 

In general, apparatuses for processing broadcasting 
signals, such as televisions. Video Cassette Recorder (VCRs) 
or set-top boxes, are each equipped with a tuner for receiving 

15 high frequency broadcasting signals of a selected channel. 

FIG. 1 shows a schematic block diagram of the tuner, 
where RF sources are high frequency broadcasting signals of a 
plurality of channels, including modulated image, color, and 
voice carrier. In this tuner, a Radio Frequency (RF) 

20 amplifying unit 11 receives the RF sources, and selects and 
amplifies a RF signal of the RF sources corresponding to a 
channel selected by a user. A mixing unit 12 combines the 
selected RF signal with a local oscillation signal LO having a 
frequency corresponding to the selected channel to produce an 

25 Intermediate Frequency (IF) signal IF. The IF signal IF is an 
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output signal of the tuner^ and is applied to a next 
image/voice processing unit 14 to be separated into an image 
signal and a voice signal. 

In that case, when the user selects the channel through a 
5 user manipulation unit 19 so that the RF amplifying unit 11 
tunes to and amplifies the RF signal of the channel selected 
by the user and the mixing unit 12 generates the local 
oscillation frequency (fio = far -fir) required to convert a 
frequency of the channel selected by the user into a 

10 predetermined IF fip, a microprocessor 18 informs a tuning 
voltage generating unit 16 of the selected channel and the 
tuning voltage generating unit 16 applies a tuning voltage Vt 
corresponding to the selected channel to the RF amplifying 
unit 11 and a local oscillation unit 15, respectively, so that 

15 a tuning frequency of the RF amplifying unit 11 and an 
oscillation frequency of the local oscillation unit 15 can be 
varied . 

In general, a carrier frequency of a broadcasting signal 
may be varied when the broadcasting signal is broadcasted from 
20 a broadcasting station. In addition, in the tuner, the 
oscillation frequency of the local oscillation unit 15 may be 
varied. In this case, the IF produced in the mixing unit 12 
may be changed, which results in the distortion of an image. 

In the prior art, in order to place the IF produced in 
25 the mixing unit 12 on the nominal frequency (refer to a 
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predetermined IF; for example, in the case of a NTSC 
broadcasting, it is set to 45.75 MHz for an image signal, and 
41.25 MHz for a voice signal) by reducing a difference between 
these frequencies, the tuner further includes an automatic 
5 fine tuning unit 17 that detects an IF of a signal applied to 
the image/voice processing unit 14, calculates a difference 
between the detected IF and a predetermined nominal frequency, 
and transmits the calculated difference to the microprocessor 
18 that calculates an automatic fine tuning value based on the 

10 difference received from the automatic fine tuning unit 17 and 
transmits the calculated automatic fine tuning value to the 
tuning voltage generating unit 16. Then, the tuning voltage 
generating unit 16 corrects the tuning voltage by the 
automatic fine tuning value, so that the IF is coincident with 

15 the predetermined nominal frequency. 

The automatic fine tuning unit 17 is implemented as an 
analog circuit that uses an output frequency of a Voltage 
Controlled Oscillator (VCO) having an Inductance/Capacitance 
(LC) tank circuit as its input and tunes a magnitude of 

20 inductance L at the outside of an Integrated Circuit (IC) . 
However, since it is impossible to integrate the LC tank 
circuit in the IC, there was proposed a digital automatic fine 
tuning apparatus that uses a VCO, in which resistors and 
capacitors are integrated in an IC, according to the trend of 

25 downsizing and multifunction and does not require any external 
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tuning . 

However, although this digital automatic fine tuning 
apparatus does not have an analog circuit such as an LC tank 
circuit, a problem arises in that a logic circuit for 
5 performing the automatic fine tuning function as described 
above becomes complicated. Accordingly, there is a need for a 
new digital automatic fine tuning apparatus with a simplified 
construction . 

10 SUMMARY OF THE INVENTION 

Accordingly, the present invention has been made keeping 
in mind the above problems occurring in the prior art, and an 
object of the present invention is to provide a digital 
15 automatic fine tuning method and apparatus, which is capable 
of detecting a difference between a nominal frequency and an 
IF generated in a tuner using a counter. 

Another object of the present invention is to provide a 
digital automatic fine tuning method and apparatus, which is 
20 capable of applying counting data as fine tuning values for an 
IF without a decoder by controlling the reset and preset 
operations of a counter that counts the IF. 

In order to accomplish the above objects, the present 
invention provides a digital automatic fine tuning method, 
25 including the steps of setting a frequency detection 
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resolution ^a' of an Intermediate Frequency (IF) signal and a 
nominal frequency fo; calculating a reference counted value X 
from the nominal frequency fo and the detection resolution ^a' 
according to the follow Equation, X:fo = X+l:fo+a, and a window 

5 period ^b' which is time required to count to the reference 
counted value X; receiving an IF signal; resetting a window 
counter for counting the window period and a frequency counter 
unit for counting a frequency to respective initial values; 
counting frequency detection time using the window counter and 

10 a frequency of the received IF signal using the frequency 
counter unit; determining whether a counted value of the 
window counter reaches the calculated window period ^b' ; if it 
is determined that the counted value of the window counter 
reaches the window period ^b' , detecting a counted value 

15 of the frequency counter unit; and outputting an automatic 
fine tuning signal corresponding to a difference between the 
detected counted value ^d' and the calculated reference 
counted value X and returning to the step of resetting. 

Preferably, the digital automatic fine tuning method 

20 further includes the steps of, before the step of receiving 
the IF signal, setting a preset value ^c' so that state values 
of predetermined bits become ^^0'' at an end point of the window 
period at the time of the frequency counting of the IF signal 
having a frequency equal to the nominal frequency, on the 

25 basis of the calculated reference counted value X; after the 
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step of counting the frequency using the window counter and 
the frequency counter unit, determining whether a counted 
frequency value reaches the preset value ^c' ; and if it is 
determined that the counted frequency value reaches the preset 
5 value ^c' , presetting the frequency counter unit to an 
initialization value, wherein the step of outputting the 
automatic fine tuning signal is performed in such a way that 
counted frequency data detected at the end point of the window 
period are output as automatic fine tuning data. 

10 Preferably, only data of predetermined lower bits of the 

counted frequency data detected at the end point of the window 
period are used as the automatic fine tuning data. 

In addition, the present invention provides a digital 
automatic fine tuning apparatus, including a frequency counter 

15 unit for receiving an IF signal and counting a frequency of 
the received IF signal; a window generation unit for 
generating a window signal to set a frequency detection period 
of the IF signal; a control unit for resetting or presetting 
the frequency counter unit based on the window signal 

20 generated in the window generation unit; a latch unit operated 
in response to the window signal output from the window 
generation unit to detect a counted value of the frequency 
counter unit at an end point of window and maintain the 
detected counted value for predetermined time; and an output 

25 unit for outputting a counted frequency value output from the 
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latch unit as automatic fine tuning data representing a 
difference between the frequency of" the IF signal and a 
nominal frequency. 

Preferably, the frequency counter unit is a down counter 
5 for counting down from a preset value set in the control unit. 

Preferably, the window generation unit includes an 
oscillating means for generating a predetermined reference 
frequency; and a counting means for dividing the reference 
frequency generated in the oscillating means and generating a 

10 window signal corresponding to a window period required to 
count a reference counted value. 

Preferably, the digital automatic fine tuning apparatus 
further includes an automatic fine tuning determination unit 
for checking the counted frequency value output from the latch 

15 unit and determining whether the received IF signal falls 
within an automatic fine tuning range, above the automatic 
fine tuning range, or below the automatic fine tuning range, 
wherein the output unit outputs the automatic fine tuning data 
when it is determined that the received IF signal falls within 

20 an automatic fine tuning range. 

Preferably, the digital automatic fine tuning apparatus 
further includes a digital /analog converter unit for 
converting the automatic fine tuning data output from the 
output unit into an analog signal according to a frequency- 

25 voltage curve for automatic fine tuning. 
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Preferably, the control unit sets a preset value so that 
state values of predetermined bits become ^^0" at an end point 
of the window period at the time of the frequency counting of 
the IF signal having a frequency equal to the nominal 
5 frequency on the basis of a reference counted value X that is 
a counted value of the nominal frequency, resets the window 
generation unit and the frequency counter unit by 
synchronizing them with each other, checks an operation of the 
frequency counter unit, and presets the frequency counter unit 
10 for a preset period. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The above and other objects, features and other 
15 advantages of the present invention will be more clearly 
understood from the following detailed description taken in 
conjunction with the accompanying drawings, in which: 

FIG. 1 is a schematic block diagram of a general tuner; 
FIG. 2 is a flowchart showing a digital automatic fine 
20 tuning method according to a first embodiment of the present 
invention; 

FIG. 3 is a flowchart showing a digital automatic fine 
tuning method according to a second embodiment of the present 
invention; 

25 FIG. 4 is a block diagram of a digital automatic fine 
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tuning apparatus according to the present invention; 

FIGs. 5a and 5b are tables showing automatic fine tuning 
data output according to the second embodiment of the present 
invention; 

5 FIG. 6 is a table showing the operation results of the 

digital automatic fine tuning apparatus according to the 

present invention; 

FIG. 7 is a timing diagram showing an output signal of 

each block at the time of input of an IF of 45.75 MHz in the 
10 digital automatic fine tuning apparatus according to the 

present invention; 

FIG. 8 is a timing diagram showing the simulation results 

of the digital automatic fine tuning apparatus according to 

the present invention; and 
15 FIG. 9 is a graph showing a frequency-voltage curve for 

automatic fine tuning, which is applied to a tuner of a NTSC 

type. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

20 

Hereinafter, the construction and operation of a digital 
automatic fine tuning method and apparatus of the present 
invention will be described in detail in conjunction with the 
accompanying drawings. 
25 FIG. 2 is a flowchart showing a digital automatic fine 
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tuning method according to a first embodiment of the present 
invention . 

The digital automatic fine tuning of the present 
invention uses the principle of applying the frequency of an 
5 IF signal as a clock of a counter and detecting the frequency 
of the IF signal using a counted value. In the digital 
automatic fine tuning method of the present invention, a 
detection resolution ^a' for the automatic fine tuning is set 
at step SlOl. The detection resolution ^a' is a unit 
10 detectable minimal difference between the difference of an IF 
and a nominal frequency at the time of digital automatic fine 
tuning. 

Thereafter, an initial value is set to a precise IF, that 
15 is, a nominal frequency fo at step S102. 

After the initial value is set, a reference counted value 
X is calculated from the nominal frequency fo and the 
detection resolution ^a' according to the following Equation 1 
at step S103. 

20 X:fo = X+l:fo+a (1) 

Thereafter, a counting period required to be counted from 
the reference counted value X to the nominal frequency fo by X 
is calculated as a frequency counting detection period b 
(hereinafter referred to as a ^Vindow period") at step S104. 

25 For example, when the nominal frequency fo is 45.75 MHz 
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and the detection resolution ^a' for the automatic fine tuning 
is 25 MHz, the reference counted value X is calculated to be 
1830. In this case, the window period T becomes 40 fis, 25 KHz 
in terms of frequency. In this case, a detection resolution 
5 of 25 KHz means that a frequency difference of ±25 KHz around 
the nominal frequency of 45.75 MHz can be detected. 

In this way, when the initialization of control 
parameters is completed, an IF signal to be detected is input 
at step S105. 

10 Thereafter, a window counter for counting the window 

period and a frequency counter unit for counting a frequency 
are reset to respective initial values S106. In this case, 
the initial values may be 0 in the case where the window 
counter and the frequency counter unit are up counters. 

15 Thereafter, the window counter counts frequency detection 

time and the frequency counter unit counts a frequency of the 
input IF signal at steps S107 and S108. 

Thereafter, it is determined whether a counted value of 
the window counter reaches the calculated window period ^b' at 

20 S109. 

The window counter and the frequency counter unit 
continue to count until the counted value of the window 
counter reaches the window period ^b' . 

When the counted value of the window counter reaches the 
25 window period ^b' , a counted value ^c' of the frequency 
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counter unit at that time is stored at step SllO. 

Thereafter^ an automatic fine tuning signal corresponding 
to a difference between the stored counted value ^c' of the 
frequency counter unit and the reference counted value X set 

5 at the initialization step is output at step Slll- 

The automatic fine tuning signal can be output as digital 
data representing the difference between the counted value ^c' 
of the frequency counter unit and the reference counted value 
X, or can be output as a voltage signal in proportion to the 

10 difference between the counted value ^c' of the frequency 
counter unit and the reference counted value X. 

The above-described steps S106 to Sill are repetitively 
performed whenever the IF signal is input at S112. 

With the process as described above, an automatic fine 

15 tuning signal corresponding to the difference between the 
frequency of the IF signal output from the mixing unit 12 of 
FIG- 1 and the nominal frequency, which indicates the extent 
of deviation of a center carrier frequency of a received high 
broadcasting signal, can be generated without using an LC tank 

20 circuit. 

FIG. 3 is a flowchart showing a digital automatic fine 
tuning method according to a second embodiment of the present 
invention. 

Like the first embodiment, the detection 
25 resolution ^a' for the automatic fine tuning and the precise 
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IF, that is, the nominal frequency fo, are set at step S201. 

Thereafter, the reference counted value X is calculated 
by sxabstituting the nominal frequency fo and the detection 
resolution ^a' into Equation 1 at step S202. 
5 Thereafter, the counting period required to be counted 

from the reference counted value X to the nominal frequency fo 
by X is set to the window period ^b' , and a preset value ^c' 
at the time of frequency counting is set at step S203. 

In that case, the window period 'b' is the counting time 
10 required for one frequency detection. The preset value ^c' , 
which is a preset value at the time of frequency counting of 
the IF signal to be detected, is set so that the counted 
values of all bits become ^^0" at an end point of the window 
period at the time of the frequency counting of the nominal 
15 frequency, based on the reference counted value X. 

For example, when the nominal frequency fo is 45,75 MHz 
and the detection resolution ^a' for the automatic fine tuning 
is 25 MHz, the reference counted value X is calculated to be 
1830. In this case, the window period T becomes 40 fis, or 25 
20 KHz in terms of frequency. If the frequency counting is 
performed in a counting-down way, the preset value ^c' is 
1819. In other words, the counted frequency value during the 
window period is 1830 in the case of a frequency equal to the 
nominal frequency. Accordingly, when an IF signal input as a 
25 clock signal is repetitively counted from 1818 to 0 in the 
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counting-down way during the window period ^b' , the counted 
frequency value at a point of time of the window period ^b' 
when the IF signal of the frequency equal to the nominal 
frequency is input is 1808. When this counted value is 

5 expressed in binary data, all certain lowest bits (for 
example, four bits) become ^"0000". Accordingly, the counted 
frequency values of the IF signal can be symmetrically shown 
in + and - directions in proportion to ± differences based on 
the nominal frequency, as shown in table 1 below. In general, 

10 in the case where the automatic fine tuning signal is applied 
to the tuner as an analog current or voltage, a decoder for 
converting the counted frequency value into digital data 
representing a frequency difference between the counted 
frequency value and the nominal frequency is required, so as 

15 to convert the analog current or voltage into an analog signal 
representing a difference between the counted frequency value 
and the reference counted value. However, when the preset 
value is set as described above and the counted frequency 
value is output as shown in table 1, the counted frequency 

20 value itself can be input into a digital /analog converter unit 
without a need of decoding, which will be described in more 
detail later. 

Table 1 

25 
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lowest bits) 


AFC signal 


Reference 
frequency 
(MHz) 


Frequency range 


Q3 


Q2 


Ql 


QO 




45.575 


^ to~0.1875 


0 


1 


1 


1 


175 


45 . 600 


^ c\ '\ con 


0 


1 


1 


0 


150 


45. 625 




0 


1 


0 


1 


125 


A C £Cf\ 


^ f n 1 1 oc^ 


U 




U 


U 


100 


A C £11 C 

4!>. D fo 


^ 10 U.UofO 


U 


U 




J. 


75 


4o. /OO 




U 


U 


■1 
X 


U 


50 




10 VJ.UO f o 


n 

V 






\ 


25 


45.750 


~ £o-0,0125 


0 


0 


0 


0 


0 


45.775 


~£o+ 0.0125 


1 


1 


1 


1 


25 


45.800 


-fo+ 0.0375 


1 


1 


1 


0 


50 


45.825 


0.0625 


1 


1 


0 


1 


75 


45.850 


0.0875 


1 


1 


0 


0 


100 


45.875 


~fc+ 0.1125 


1 


0 


1 


1 


125 


45,900 


0.1375 


1 


0 


1 


0 


150 


45.925 


~fo+ 0.1625 


1 


0 


0 


1 


175 


45.950 


-fc+ 0.1875 


1 


0 


0 


0 


200 



In this way, when the initialization of control 
parameters is completed, an IF signal to be detected is input 
at step S204, 

5 Thereafter, the window counter and the frequency counter 

unit are reset to respective initial values at step S205. 

Thereafter, the frequency counter unit counts the 
frequency of the input IF signal and the window counter counts 
the counting time of the frequency counter unit at step S206. 

10 Thereafter, it is determined whether the counted value of 

the frequency counter unit reaches the preset value during the 
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counting operation at step S207. When the counted value of 
the frequency counter unit reaches the preset value, the 
frequency counter unit is again reset to the initialization 
value at step S208 and, thereafter, the frequency counting 

5 operation for the input IF signal is repeated. In this case, 
the initialization value of the frequency counter unit as a 
down counter can be set to the preset value, and the 
initialization value of the window counter, which is an up 
counter, can be set to ^'0". 

10 In addition, it is determined whether a counted value of 

the window counter reaches the window period ^b' during the 
counting operation at step S209. 

If, as the result of the check in the step S209, the 
counted value of the window counter equals the window period 

15 ^b' , the lowest bits of the counted value of the frequency 
counter unit are output as the automatic fine tuning signal at 
step S210. In this case, the lowest bits of the counted 
frequency value can be output as digital data, or can be 
output after being converted into an analog current or voltage 

20 signal by means of the digital /analog converter unit. The 
output automatic fine tuning signal has a value in proportion 
to a difference between the frequency of the input IF signal 
and the nominal frequency. 

The above steps S205 to S210 are repetitively performed 

25 whenever the IF signal is input at step S211. 
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Now, an apparatus to which the digital automatic fine 
tuning method as described above is applied will be described. 

FIG. 4 is a block diagram of a digital automatic fine 
tuning apparatus according to the present invention. The 

5 apparatus includes a frequency counter unit 41 for receiving 
an IF signal and counting a frequency of the IF signal, a 
window generation unit 40 for generating a clock signal 
repeated at a window period set by the frequency division of a 
reference frequency (for example, 4 MHz), a control unit 43 

10 for resetting or presetting the frequency counter unit 41 
based on the clock signal generated in the window generation 
unit 40 and synchronizing the frequency counter unit 41 with 
the window generation unit 40, a latch unit 42 for temporarily 
storing counted values of the frequency counter unit within a 

15 frequency detection period under the control of the control 
unit 43, an automatic fine tuning determination unit 44 for 
receiving a bit value of the counted frequency values stored 
in the latch unit 42 and determining whether a frequency 
difference between the nominal frequency and the frequency of 

20 the IF signal falls within an automatic fine tuning range, a 
lock detection unit 45 used as an automatic phase control 
switch APC_SW for outputting a ^Low' level voltage signal if 
the frequency of the input IF signal falls within a range of ± 
2 MHz from an IF of 45.75 MHz, and otherwise, outputting a 

25 ^High' level voltage signal, an output unit 46 for dividing a 
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frequency interval into a first interval in which a frequency 
difference increases in a - direction^ a second interval 
within the automatic fine tuning range, and a third interval 
in which the frequency difference increases in a + direction, 
5 based on the determination in the automatic fine tuning 
determination unit 44, outputting data representing a 
corresponding interval for the first and third intervals, and 
digital data corresponding to the frequency difference for the 
second interval, and a digital/analog converter unit 47 for 
10 converting the digital data output from the output unit 4 6 
into an analog signal and outputting the converted analog 
signal . 

In the above construction, as described earlier, the 
window generation unit 40 generates a window signal having a 

15 period required to count the detection resolution ^a' , the 
nominal frequency fo, and the reference counted value X 
calculated from them. The window generation unit 40 can be 
implemented as a crystal oscillator for generating a reference 
frequency and a counter for dividing the reference frequency 

20 generated in the crystal oscillator and generating a clock 
signal having the window period. For example, when a clock 
signal of 25 FCHz corresponding to the window period of 40//S has 
to be generated, as described above, the window generation 
unit 40 is implemented as the crystal oscillator of 4 MHz and 

25 the counter for dividing a 4 MHz oscillation signal from the 
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crystal oscillator by 160 and outputting the clock signal of 
25 KHz, The window signal output from the window generation 
unit 40 is transmitted to the control unit 43 and the latch 
unit 42. 

5 The frequency counter unit 41 can be implemented as an 

up/down counter for counting up or down an IF signal received 
from a clock stage. 

Thereafter^ the latch unit 42, which is a means for 
temporarily storing counting data output from the frequency 

10 counter unit 41, is synchronized with the window signal 
applied from the window generation unit 40 and maintains a 
counted value generated during the window period until a 
counted value at a next window period is generated. 
Accordingly, the stored data is updated every window period 

15 (for example, 40 fis) . 

The control unit 43 simultaneously resets the window 
generation unit 40 and the frequency counter unit 41 to cause 
them to be synchronized with each other. Thereafter, the 
control unit 43 controls the presetting of the frequency 

20 counter unit 41 so that counting data are symmetrical with 
respect to each frequency difference as shown in table 1. In 
other words, the control unit 43 receives a counted value from 
the frequency counter unit 41 and applies a presetting signal 
to the frequency counter unit 41 when the counted value 

25 reaches a preset value, so that counting is performed from an 
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initialization value. 

FIGs. 5a and 5b are tables showing data output of each 
block in the digital automatic fine tuning apparatus as shown 
in FIG. 4, according to the second embodiment, where the 
5 detection resolution is 25 KHz, the reference counted value is 
1830, the window period is 40 /iS (1830), the nominal frequency 
is 45.750 MHz, the frequency counter unit 41 is a down 
counter, and the initialization value of the frequency counter 
unit 41 is 1818. 

10 FIG. 5a shows the case where the IF signal of 45.750 MHz 

equal to the nominal frequency is input, and FIG. 5b shows the 
case where the IF signal of 45.775 MHz having a difference of 
25 KHz between the frequency of the IF signal and the nominal 
frequency. Both cases are simultaneously reset by the control 

15 unit 43, and the frequency counter unit 41 receives the IF 
signals from a clock stage and begins to count down from 1818. 
When the counted value of the frequency counter unit 41 
becomes 0, the frequency counter unit 41 is again preset by 
the control unit 43, and then begins to count down from 1818. 

20 The shaded portions of FIGS. 5a and 5b represent points of 
time when respective preset operations start. After the 
preset operations start, the counting operation is again 
performed. At the time of reaching the window period (40 //s, 
or 1830 in terms of the window counted value) directed by the 

25 window generation unit 40, the data of the four lower bits 



20 



(2^, 2^, 2^, 2°) of the frequency counter unit 41 are "^0000" in 
the case of the IF signal of 45.750 MHz as shown in FIG. 5a, 
and "^1111" in the case of the IF signal of 45.775 MHz as shown 
in FIG. 5b. 

5 Accordingly, in FIG. 4, the output unit 46 extracts the 

data of lower bits from counted frequency data output from the 
latch unit 42 at the window period (40 jis) and outputs the 
extracted data as AFT data representing a frequency 
difference. 

10 However, generally, in the tuner, the range of frequency 

differences adjustable by the automatic fine tuning unit is 
about 200 KHz, and frequency adjustment for a range beyond the 
frequency difference range is irrelevant. If a frequency 
difference beyond the frequency difference range occurs, the 

15 frequency is performed by the local oscillation unit 15. 
Accordingly, by checking the values of the concerned bits of 
the counted frequency data output through the latch unit 42, 
the automatic fine tuning determination unit 44 determines 
whether a frequency difference falls within the automatic fine 

20 tuning range and informs the output unit 46 of the result of 
the determination. If it is determined that the frequency 
difference falls within the automatic fine tuning range, the 
output unit 46 outputs automatic fine tuning data 
corresponding to the frequency difference. 

25 FIG. 6 is a table showing an example of an output of an 
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automatic fine tuning signal in a frequency-voltage graph for 
the automatic fine tuning when the nominal frequency is 45.750 
MHz, in accordance with the second embodiment of the present 
invention, where a frequency interval within an automatic fine 
5 tuning range of 45.57 MHz to 45.95 MHz is set to an interval 
B, a frequency interval above 45.95 MHz is set to an interval 
A, and a frequency interval below 45.57 MHz is set to an 
interval C. 

In FIG. 6, the counted frequency data of 11 bits 
10 indicated in the upper portion of the table represent counting 
data at the time of counting during the window period for IF 
signals having respective corresponding frequencies, counted 
values represented by the counted frequency data are expressed 
in a decimal number, and a frequency-voltage curve of the 
15 automatic fine tuning unit is indicated in the lower portion 
of the table. 

In FIG. 6, the data of the four lower bit of the counted 
frequency data in the interval B, which is the automatic fine 
tuning interval, are indicated to be symmetrical around the 
20 nominal frequency of 45.75 MHz. 

The automatic fine tuning determination unit 44 reads the 
counted frequency data as shown in FIG. 6 and determines where 
the counted frequency value falls in the interval A, B or C. 

In other words, if the counted frequency valuq falls 
25 within a range of 1815 to 1800 corresponding to the automatic 
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fine tuning frequency range of 45.58 MHz to 45.95 MHz, an 
output value SI is 1. Otherwise, SI is 0. If the counted 
frequency value falls above 1815, an output value S2 is 0. If 
the counted frequency value falls below 1800, the output value 
5 S2 is 1. 

Accordingly, the output unit 46 checks the output values 
SI and S2 of the automatic fine tuning determination unit 44, 
outputs the data of the four lower bits of the counted 
frequency data as the automatic fine tuning data regardless of 

10 the value of S2 if SI is 0, and outputs "'0111'' or "'1000" 
depending on S2 if SI is 1. 

The automatic fine tuning data output from the output 
unit 46 can be applied to the microprocessor 18, or after 
being converted into an automatic fine tuning voltage (0.3 V - 

15 4.7 V) signal through the digital /analog converter unit 47. 

In this case, since the automatic fine tuning data output 
from the output unit 46 to correspond to the interval B are 
symmetrical around 45.75 MHz having no frequency difference, 
as shown in table 1, they can be converted in the 

20 digital/analog converter unit 47 without decoding. 

Thereafter, FIGS. 7a to 7i show the input and output 
signals of each block, measured at the time of the input of 
the IF signal of 45.75 MHz into the digital automatic fine 
tuning apparatus as shown in FIG. 4, where FIG. 7a is a timing 

25 diagram of AFCl of the automatic fine tuning data output from 
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the output unit 46, FIG. 7b is a timing diagram of 2^ bit of 
output data of the frequency counter unit 41, FIG. 7c shows a 
signal of AFCO of the automatic fine tuning data output from 
the output unit 46, FIG. 7d is a timing diagram of 2^ bit of 

5 output data of the frequency counter unit 41, FIG, 7e shows an 
IF input signal, FIG. 7f shows a reset signal of the frequency 
counter unit 41, FIG. 7g shows a reset signal of the window 
generation unit 40, FIG. 7h shows a detection command signal 
of a counted frequency value applied from the window 

10 generation unit 40 to the control unit 43 and the latch unit 
42, and FIG. 7i shows an output signal of the crystal 
oscillator to generate a reference signal of 4 MHz to be used 
to count the window period in the window generation unit 40. 

As shown in FIG. 7, in order to synchronize the window 

15 generation unit 40 with the frequency counter unit 41, the 
control unit 43 applies a reset signal to the window 
generation unit 40 and the frequency counter unit 41 to cause 
them to be reset. In this case, in order to perform frequency 
counting in synchronization with the reference signal shown in 

20 FIG. 7i, a window reset signal ® appears immediately before a 
window start signal © appearing in the reference signal of 4 
MHz shown in FIG. 7i. To accomplish this, a clock signal used 
for the counting of the window generation unit 40 is 
implemented so that the clock signal precedes the reference 

25 signal of FIG. 7i in phase. For example, the reference signal 

24 



generated in the 4 MHz crystal oscillator is delayed by means 
of a delay cell and each of a before delay signal and an after 
delay signal of the delay cell can be used as clock signals. 

Simultaneously, the frequency counter unit 42 starts the 
5 frequency counting. In this case, since the window reset 
signal ® should precede a clock of the frequency counter unit 
41, as shown in FIG. 7g, a reset input should be given 1820 
times for that purpose. However, in this case, since output 
data may be presented differently from data in table 1 when a 

10 finally counted frequency value is detected, the reset signal 
in the frequency counter unit 42 conforms to 1818 and, 
instead, is applied as shown in FIG. 6f so as to delay the IF 
counting by one clock. In this case, since a signal delay is 
within one clock period (21.8 ns), precise detection can be 

15 achieved within the range of a detection resolution of 25 KHz. 

In addition, a detection signal ® of high level is 
output from a point when a window period of 40fis elapses from 
the reference point 0, that is, from an end point of the 
window period. The detection signal © of high level is 

20 maintained for AOfis synchronized with the window period. 
Accordingly, the latch unit 42 operates according to the 
detection signal © and maintains the output data of the 
frequency counter unit 41 at the end point of 40j[/s of the 
window period for 40jE/s. 

25 In other words, the states of the counted frequency 
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values of FIGS. 7b and 7ci at the end point of window period 
are maintained as the automatic fine tuning data for a 
predetermined time iOpts, as shown in FIGS. 7a and 7c. 

FIG. 8 shows the simulation results of the digital 
5 automatic fine tuning apparatus as shown in FIG. 4. The 
simulation results shown in FIG. 8 are results that are 
obtained by measuring the automatic fine tuning data AFCO to 
AFC3 output from the output unit 46 when the frequency of the 
IF input signal is changed from 45.55 MHz through 45.64 MHz to 

10 45.68 MHz, and the automatic fine tuning signal AFT OUT output 
from the digital/analog converter unit 47. 

As can be seen from the simulation results, ^'0111" is 
output as the automatic fine tuning data at 45.55 MHz falling 
within the interval C and a corresponding automatic fine 

15 tuning signal has a highest voltage of 4.72V- When the 
frequency is changed to 45.64 MHz, the automatic fine tuning 
data is changed to ^^0100" and the automatic fine tuning signal 
is changed to have a voltage of 4.15V. Subsequently, when the 
frequency is changed to 45.68 MHz, the automatic fine tuning 

20 data is changed to ^'0010'' and the automatic fine tuning signal 
is changed to have a voltage of 3.37V. 

FIG. 9 is a graph showing a frequency- voltage curve for 
automatic fine tuning, which is applied to a tuner of a NTSC 
type, where a voltage of 2.5V is applied at the nominal 

25 frequency of 45.75 MHz, a voltage is added or subtracted by a 
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corresponding frequency difference based on this application, 
and an automatic fine tuning voltage has a range of 0.3V to 
4.7V. 

From the comparison of the simulation results of FIG. 8 

5 and the frequency-voltage curve of FIG. 9, it can be 
appreciated that the automatic fine tuning signal according to 
a standard is generated. 

As described above, the present invention provides a 
digital automatic fine tuning method and apparatus, which is 

10 capable of detecting the frequency of an IF signal and 
generating an automatic fine tuning voltage corresponding to a 
difference between the IF frequency and a nominal frequency 
without using a tank circuit differently from an existing 
analog method, can be simply fabricated using a counting means 

15 and a latch unit, and does not require a decoding means. 

Furthermore, since the automatic fine tuning apparatus of 
the present invention does not require any variable coil for 
tuning and can use a VCO with a RC circuit integrated therein, 
a tuner can be downsized. 

20 Although the preferred embodiments of the present 

invention have been disclosed for illustrative purposes, those 
skilled in the art will appreciate that various modifications, 
additions and substitutions are possible, without departing 
from the scope and spirit of the invention as disclosed in the 

25 accompanying claims. 
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